X. HISTORICAL INFORMATION ON COSTS

A. 1984 ARB STAFF SURVEY

1. Data Base

in 1984 the staff conducted a survey of California
refiners to obtain information on the costs of producing diesel
fuel that would meet a range of specifications for aromatic
hydrocarbon content, sulfur content, and 90 percent distillation
temperature. Eieven refiners responded to this survey. The
projected dlesel fuel productlon for these reflners for 1990
would represent about 97 percent of the projJected diessl fuel
demand for 1990. Table 14 summarlizes the costs that the 11
refiners reported. The table Includes the investment costs for
capltal equipment to produce the specifled diessl fuels, the
operating costs, and the total! Incremental costs.

2. Capltal apnd Operating Costs

To present a comparative cost estimate, we used the survey

responses to calculate the investment cost on the basis of cents
per gallon of diesel fuel produced. The capital costs have been
annuallzed using an annual capltal charge factor of 0.25. The
operating costs are shown as reported and Include the process
operating costs and the costs of additional crude ol purchases,
If required. All estimates are In 1983 dollars. Table 14 shows
the operating costs as reported by the oil companles in the 1984
survey. The total annual costs are the sum of the capltat costs
and the operating costs and are shown In thousands of dollars per

day.
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3. Cost Per Gajllon

Table 15 gives the cost estimated in cents per
gallon of diess! fue! produced. The values range from 11.2 to
15.2 cents per gallon for the 10 percent aromatic hydrocarbon
case.

4, Cost-Effectiveness

The staff used the costs shown In Table 14 and the emissions
reductions shown In Table 12 to estimate the cost-effectiveness
ratlo for each refinery group and for each regulatory scenario
for the year 1995. The cost-effectliveness values presented In
Table 15 are for particulate matter (PM), oxldes of nitrogen
(NOx), PM and Nox’ and total pollutants which tncludes reductions
for sulfur dloxide (302).

B. NPRA SURVEY

1. Data Base

In 1986 the National Petroleum Refiners Assoclatlion
(NPRA) conducted a nationwlide survey to estabiish the refining
Industry's capacltiles, capabilities, and costs to comply with a
low sulfur or a low aromat|c hydrocarbon content regulation. The
Iimits for sulfur content and aromatic hydrocarbon content
evaluated by the NPRA Survey were 0.05 percent and 20 percent,
respectively. Based on Information provided by ADL on the NPRA
Survey data, we performed a cost analysis for smail! and large

reflneries operated in Californla.
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2. capital and Opserating Costs

In our cost evaluation, we used NPRA's reported caplital and
operating costs ad)Justed for volumes of motor vehlcle diesel
estimated to be produced by Catifornia refinerles. Diesel for
motor vehicle use produced In Californla represents about 55
percent of the No. 2 distlilate produced. Operating costs were
assumed to be proportional to motor vehlcle diesel fusel
production and capital costs were extrapolated by using a 0.65
exponential scale factor to estimate caplital investment. Because
the NPRA survey requested cost Information only for the 20
percent aromatic hydrocarbon content and the 0.05 pesrcent sulfur
content scenarlo, we were able to perform an analysis only for
these twc scenarlos. The caplital and operating costs based on
the NPRA results and adjusted for the staff's estimates on
Callfornia‘s motor vehlicle dlesel fuel needs are shown In
Table 16.

3. cost Per Galign

The results of the staff's adjustments to the NPRA’'S costs
and the resulting cost-effectiveness for the two cases: (a) the
0.05 percent sulfur content and (b) for the 0.05 percent sulfur
content with 20 percent aromatic hydrocarbon are shown in
Table 17. The average cost for the small reflneries tor the 0.05
suifur percent with 20 percent aromatic content case ls estimated
to be about 70 cents per gallon for small refineries versus 8.1

cents per gallon for large reflneries. For large refineries
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having an average cost of 8.1 cents per gallon the range of costs
Is estimated from 4.4 to 10.6 cents per gallon diesel fuel
producesd.
4. Cost-Effectiveness

The staff used the costs shown In Table 16 and the emissions
reductlion estimates from Table 12 to estimate the cost-
effectiveness for the NPRA fuel modificatlon scenarlos for the
year 1995. Table 17 shows the cost-effectlveness for the case
that DDAD engine correlations are used and for the year 1990.
For the regulatory option of 20 percent aromatic hydrocarbon and
0.05 percent sulfur, the particulate matter emission reduction
cost-effectiveness would range from $10.1 per pound for large
refineries to 86.5 per pound for small refinerles. When total
poliutants are considered (fncluding the reductions of 802) the
cost-effectiveness Is changed to $1.9 per pound for large
refinerles and $16.3 for small refineries. The cost-
effectlveness for Nox ranges from $2.7 to $22.4 per pound of Nox

reduced.
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X1, ARTHUR D. LITTLE COST STUDY

A PROGRAM DESCRIPTION AND STUDY BASIS
In 1987 the Alr Resources Board contracted wlith Arthur

D. Littie, Inc. (ADL) to estimate the costs of reducing the

aromatic hydrocarbon content and the sulfur content of dlesel

fuels and the aromatic hydrocarbon content of gasolina., The
methodology used by ADL Iin estimating these costs is descrlbed
below:

Task 1. Based on data from a refinery survey and publiished
sources, ADL characterized the Callfornia refining
industry Into six regional groups based on the
refineries’ complexity. These groups are:

(1) Topplng: refinerles with simple distitlatlon;

(I1) HydroskImming: reflneries with distlillation plus
reforming; (ill) Conversion: refineries with filuld
catalytlic cracking (FCC) and/or hydrocracking
(excluding coklng); (I1V) Deep Conversion: reflneries
wlthout hydrocrackling, simiiar to Ili but including
coking; (V) LA Basin Deep Converslion: reflneries wlth
hydrocracking and coking (some of these refineries have
FCC units); (VI) Northern California Deep Conversion:
refinerles with hydrocracking, same as in V, but all
refinerles are located in Northern Californlia.

Thils refinery characterization allowed ADL to select a
representative refinery from each refinary group and to

deveiop Linear Programming (LP) models that would
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simulate each reflinery's operations. The LP model
Invoives a modeled representation of refinery
processes, ylelds, and operating costs, and evaluated
reflnery operations for typlcal crude olls avallable In
Callfornia. The ADL staff callbrated each model
agalnst actuai 1986 reflinery operation data to verify
the material balances, process unlit utilizatton, the
product speclificatlions, and operating costs. The
resufts were provided to the modeled reflnerles for
comments before being flnallized. The callbration
resuits show that the LP models represent the modeled
refinerles’ operatlions accurately. The LP mode!
results were then extrapolated for all Callfornia’'s
refining Industry operations for 1986 and were shown to
compare well with published data.

The ADL staff usling the California Energy Commlission
(CEC) forecasts and other published Information
estimated the 1991 and 1995 Inputs, outputs, and
process conflguratlions for all Cal!lfornla refinsries.
The ADL staff researched varlous process optlons that
are availabte to refinerles for reducing aromatic
hydrocarbon and/or sulfur content and incorporated them
Into the LP modelIng methodology. Some process options
which ADL considered were purposely excluded because
ADL belleved that thelr use would result in Increased

production of gasolline or lighter products. The ADL

-70-



constrained the production of aijl products to existing

levels. The new process options that were included In

the ADL's analysis are:

a.

Low severity distitlate hydrotreating: This is a
one stage hydrotreating process which, depending

on the sulfur content In the feedstock, can reduce

sulfur by 85 to 95 percent. Thls process has a
small Impact on product aromatic hydrocarbon
content.

Moderate severity distlillate hydroreflinling: This
Is a one stage hydrotreating process that produces
diesel fueis with less than 0.05 percent sulfur.
ADL assumed that this process has a small effect
on reduclng aromatic hydrocarbon c¢ontent by 5 to
20 percent,

To reduce the aromatlclhydrocarbon content of
diesel fuel by treating with hydrogen, ADL
selected the hydrodearomatlization (HDA) process.
This Is a two-stage hydrotreating process.

Fligure 9 shows an exampile of this process. The
first stage of this process produces a low
sulfur/low nitrogen content dliese! feedstock to
the second stage. The second stage saturates at
high pressure/temperature with a noble metal
catalyst aromatic hydrocarbons to produce a iow-

aromatic hydrocarbon content dlesel. ADL assumed
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that the two-stage HDA process would produce a
diesel blendstock with a 10 percent aromatic
content If the feedstock to the process is Alaska
North Siope (ANS) heavy gas oll or coker gas oll,
and a diesel blendstock with a 20 percent aromatlc
hydrocarbon content If the feedstock to the
process Is light cycle oll from the FCC process.
d. Another optlon that ADL incorporated into thelr
analysis for producing low-sulfur, low-aromatic
hydrocarbon content diesel fuel is the Mobl|
methanol-to-clefins-to-distlllate process.
Flgure 10 shows a scematic of this process.
Although this process Is much more expensive than
the HDA process, thls option became economically
attractive because ADL assumed a $0.30 per gallon
long—-term methanol price as compared to about
$0.60 per gallon for crude oll. In additlion, thls
option became attractive to the ADL model ing
process because the process produces a 3 percent
aromatic hydrocarbon content dlesel blendstock as
compared to a2 minimum of 10 percent or 20 percent
aromatlic hydrocarbon content for diesel fuel
blendstock produced by the HDA process,
'n addition to the new Processes dlscussed above, ADL
Included in the LP modellng a number non-process options for

redgclng aromatic hydrocarbon and sulfur content of diese| fuels.
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The non-process optlons are (1) the segregation of No. 2 dlesel

fuel from other distillate products so that only the No. 2 diessl

fue! would be required to meet the low-aromatic hydrocarbon/tow-

sulfur content standards, and (11) the purchasing of low-aromatic

hydrocarbon/low-suifur biendstocks from outslde Callfornia.

Jask 4

For thelr cost analysis methodology, the ADL staff
targeted different sulfur and aromatlic hydrocarbon
content values. The sulfur target values ranged from a
"maximum achlevable with Iinvestment” value to the 0.05
percent sulfur value. The aromatic hydrocarbon content
targeted IImits ranged from the "maxIimum level
achlevable wlithout Investment® to 10 percent, and
Included analysis for limits to 20 percent and

15 percent aromatic hydrocarbons as wel! as a
comblination of a 0.05 percent sulfur with a 10 percent
aromatic hydrocarbons content. The LP models estimated
the costs for three diesel production sceharios: (a) A
nc-segregation scenarlo where altl distillate fuel
produced in Californlia is required to meet the low-
aromatlc hydrocarbon, low-sulfur content limits; (b)
the NPRA segregation case where only distillate fuel as
reported by the NPRA survey as No. 2 diesel Is produced
to meet the low aromatic hydrocarbon low-sulfur content
ltmits; and (c) the 50 percent segregation scenarlo
where only the diese! needed for California‘s motor

vehlcle diesel fus! demand Is produced to meet the

-75-



requirements for ;ow-aromatlc hydrocarbon, low-sulfur

limits.

The ADL LP models optimized the cost for producing low-

aromatlic hydrocarbon/low-sul!lfur content diesel fuels

for each refinery by selecting a comblnation of process
optlons which is different for each reflnery group and
for each fuel specificatlion option. In each case, all
product values were malintained so that any loss in
product volume due to aromatic hydrocarbon removal,
sulfur removal or changes In Processing severity was
replaced by Increasing crude oll processing or
purchasing outside feedstocks.

B. ADJUSTMENTS TO STUDY RESULTS

The staff made several adjustments to the cost results
developed by the ADL In their study. First, in the topping
reflnery group, a number of refineries produce diesel fuel which
does not meet the ASTM standards for motor vehicle dlese! fuel.
The staff assumed that this diesel fuel Is not produced for motor
vehicle use and therefore, the costs for reducing Its aromatic
hydrocarbon and sulfur content wore excluded from the staff's
cost analysls.

Second, because the staff’s 1991 estimate for motor
vehicle diesel fuel consumption in Callifornia Is 152,500 barreis
per day and the ADL cost estimate Is based on a 297,000 barreis
per day diesel fuel production, the ADL capital costs were scaled

down based on the ratlo of the diesel volume used for motor
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vehicle fue! to the ADL diese! fusl volume ralsed to an exponent
of 0.865. AII other costs were scaled down linearaly based on the
motor vehicle diesel volume.

Third, because ADL In thelr study estimated separately
the costs for reducling sulfur content to 0.05 percent sulfur from
the costs for reducling aromatic hydrocarbon to 20 percent or 15
percent the staff did not include an analysis for the 20 percent
aromatics and 0.05 percent sulfur or the 15 percent aromatics and
0.05 percent sulfur cases.

c. ADJUSTED STUDY RESULTS

1. capltal and Qné[a:]ng Costs

Tables 18 and 19 show the results of the cost analysls for
the two regulatory optlons.

Table 18 shows the estimates for costs for the regulatory
optlon of reducing sulfur contant to 0.05 percent by welght. In
this cost analysts refliners have been grouped into six groups as
In the ADL study. The capital Investment is for new processes
required for reducing dlesel suifur levels to the targeted

values.
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The Increased capltal costs-shown In Table 19 as compared to
Table 18 are the costs of the added process capaclty required In
order to reduce aromatlc hydrocarbon [evel to the 10 percent
level . It ts Important to note that because ADL, in their
analyses have constrained the aromatic hydrocarbon levels
achievable by the HDA process to 20 percent for light cycle oll
feedstocks and to 10 percent for ali other feedstocks, the LP

models have Incorporated for the 10 percent aromatlc hydrocarbon

scenar lo capaclity of the Mobil olefins-to-distillate process
which produces the low-aromatlc hydrocarbon, low-sulfur content
diesel. For the 10 percent aromatic hydrocarbon case as shown in

Table 19, a significant portion of the total costs estimates for
Groups | and !l are the operating costs. The high operating
costs reflect the costs of the methano! purchased as a feedstock
to the Mobli| process.

Table 20 summarizes the caplital Investment and operating
costs as presented In Tables 18 and 19 by grouping refineries
Into two major groups; large and small refineries. Small
refineries are refineries wlith operating capacity lower than
50,000 BPD and Include all reflneries in the ADL Groups | and !|
Plus two refineries in Group 111 that have reported capacitles
below 50,000 barrels per day. Al!l refineries In the Groups 1V,
V, and VI plus the Group |1l refinerles that have capacities
greater than 50,000 barrels per day are included tn the farge

refinery category.
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2. Costs Per Galtop and Cost-Effectiveness

Table 21 shows the costs in cents par gallon and the cost-
effectiveness for the year 1995 as estimated from the cost data
In Table 20 and from the 1995 emission reductions estimates as
shown in Table 12.

Table 21 shows that the éost-effectlveness ¢f reducing
directly emitted particulates by reducing the aromatic
hydrocarbon content to 10 percent Is for large refineries $15,8
and for small refinertes $118.5 per pound of PM10 reduced.

The table alsoc shows that the cost-effectiveness of reducing
NOx emissions under the same regulatory scenario Is for large
refinerles $4.1 per pound of Nox reduced. However, the cost-
effectiveness when all pollutants are considered {incliuding
reductions In 302) fs for large refinerles $3.0 and for small
refinertes $22.2 per pound of total pollutant reduced.

D. INDUSTRY CONCERNS

During consultation meetings, representatives of the oil
Industry expressed concerns with the cost analysls performed by
ADL. Dlscussions of those concerns for three majJor areas are
presented below:

1. Hydrogen Plant Capacity Reguired
The ADL staff In thelr methodology for most refinery
groups did noet raqulire adding hydrogen plant capaclty because

through hydrogen balance, they estimated that hydrogen wil1

become available to meet hydroprocessing needs. Refining
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tndustry representatives expressed disagreement with this
approach and indlcated that additional hydrogen plant capacity
would be required and should be Incliuded In the mode!ing. ADL,
In response, performed a hydrogen plant sensitivity by adding new
hydrogen plant capaclty to support all new hydroprocessing
investment required for each regulatory scenario. This
addIitlonal cost did not affect costs for Groups | and || because
ADL In thelr original analysis had Included additional hydrogen
plant capaclty. The staff estimates from the ADL sensitivity
analysis that the added hydrogen plant capacity would result In
an overall cost Increase of 22 percent for the 10 percent
aromatlc hydrocarbon content Iimit case.

2. Capita] Investment Costs

The ADL staff based thelr estimates of capltal
Investment costs on information provided to them by vendors of
process equipment, and added 50 percent for off-slites costs and a
5 percent addlitional cost for Callfornlia location. Refining
Industry representatives expressed the opinion that thls
methodology underestimates costs by a factor of 2 or 3 because
vendors’' costs always underestimate the costs to the refineries.
We discussed this Issue with the ADL staff and they helieve that
the cost estimates used for their modeling are valid within the
range of + 40 to + 50 percent.

If caplital costs are hlgher as refining tndustry

representatives claim, the total costs and the cost-effectiveness

for each fuel specification scenarlc will be Increased. We
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performed a sensitivity analysls using ADL's capltal cost as a
baseilne and adding a capital cost Increase by 100 percent.

Table 22 shows the percent Increases for each regulatory scenario
as results from thls analysls.

The percent increase In total costs resufting from doubling
capltal costs ranges from 24 percent to 87 percent. The smaller
percent increase Is for small refineries and for the 10 percent
aromatic hydrocarbon content case and is the result of the
smaller contrlbutlion of the caplital cost to the total cost. That
I's because the ADL analysis show that the major porticn of the
costs for the small reflnerlies are the cperating and the
feedstock costs. The percent increases can be appliied to the
results shown in Table 21 to estimate the cost-effectliveness when
the capita! costs are doubled.

3. Mobil Methanol-to-Dist||late Process - Mpthano]
Brice

The ADL methodology In order to mest the 10 percent

aromatic hydrocarbon targeted values relied heavily on the Mobl |
process In order to produce the low-aromatic hydrocarbon, low-
sulfur blendstocks needed for the dlesel fuel. The reason of
this dependency Is because the ADL staff has assumed that the HDA
process cannot produce dlesel blendstocks with aromatlic
hydrocarbon content below the 10 percent or the 20 percent level,
depending on the aromatic hydrocarbon content of the process

feedstock. Therefore, the only means of reduclng dlese!
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Table 22

Increase Iin ADL Costs and
Cost-Effectiveness when Capltal Costs are
increased by 100 Percent

Euel Compogsition Regurlement Bercent Increase In Total Costs

—and Cost-Effectivensss
Q.05 S
Smai! 23%
Large 87%
Q.05%S at 10% Aromatics
Small Refinerles 24%
Large Reflneries 50%

Source: ARB/SSD
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aromatic hydrocarbon fevel to below the 10 percent remalned the
Mob || process. Furthermore, because the ADL staff has assumed a
long-term price of methano!l of $0.30 per gallon, which is
significantly less expensive than any other process fesedstock,
the LP modeling in optimlzing costs selects the Mobl| process as
the most cost-effectlive option. 0il industry representat|ves
stated that refineries will c¢hoose means other than the Mobl|
pProcess to produce low-aromatic hydrocarbon/low-sulfur dlesel and
questioned the ADL assumption on the long-term methanol price of
$0.30 per gallon.

The ADL staff In response to these concerns on methano!
pPrice effects has performed a cost analysis for a $0.70/gal
methano! price for the reflnery Groups V and VII and for the
16 percent aromatic hydrocarbon and the 10 percent aromatic
hydrocarbon regulatory limits.

Thls analysls shows that for the 15 percent aromatlic
hydrocarbon content regulatory scenario all Mobl |l process
capaclty was eliminated and it was replaced with some additional
HDA process capacity. However, the Increased operating and
feedstock costs offset the |lower investment costs and the total
cost per gallon was increased by about 90 percent. For the
10 percent aromatic hydrocarbon case the methano| price Increase
to $0.70 per gallon did not affect Mobil process additions, but
I't Increased dramatically cperating costs and resulted In an

overall cost per gallon Increase by 100 percent.
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4, Mobl|! Methanol-to-Distl|]late Procass — Feasibillty

We also recelved comments regarding the technlical

feasIbllity and avalilability of the Mobil methano! to distillate
process. The refining industry representatives requested that we
perform a cost analysis by eliminating the use of the Mobil
process and replace Its capacity with additlional
hydrodearomatization (HDA) process capaclity. Our cost analysis
on that baslis Is presented below.
E. COST ANALYSIS FOR HYDRODEAROMATIZATION ONLY
1. Basls for Apaiysls

In our cost-analyslis we followed a different
approach for estimating the costs for the refiners in the smal
refinery category than for the refineries In the large reflnery
category group. A detalled discusslion of our methodology Is
presented beiow. A sampie calculation is shown in Appendix E,.

a. Smal| Reflineries

For each smalf refinery, using the ADL

basellne data on aromatics and sulfur content of dliesel fuel
produced, we estimated the required HDR and HDA capacity to
produce dlesel fuel with 0.05 percent sulfur content, 0.05
percent sulfur and 20 percent aromatics content, 0.05 percent
sulfur and 15 percent aromatics content, and 0.05 percent sul fur
and 10 percent aromatics content. In estimating the required HDA
capaclty to meet the targeted values, we assumed that the HDA
process will produce dlesel fuel with 7 pe?cent aromatics

content.
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b, Large Reflnerles

For large refinerles, all of the Mobll
methanol-to-distlllate process addlitlons In the ADL methodoliogy
were deleted and replaced by an equlivalent added capacity of HDA
processes. We assumed that to achieve the same aromatlc
hydrocarbon reductlion as with the Mobil| process, the egqulivalent
HDA process capacity would be 2.5 times the diesel productlion
process capacity of the Mobil process as estimated by the ADL
analysis. This |s based on the assumption that the added HDA
processes can produce dlesel fueis with a 7 percent aromatlc
hydrocarbon content versus the 3 percent aromatlc hydrocarbon
content for the diesel fuels produced by the Mobil process. In
addltlon, in order to inciude the increased need for hydrogen
plant capaclty because of the deep saturation of aromatic
hydrocarbons by the added HDA process, we Incregsed the hydrogen
plant capacity as estimated by ADL, by 20 percent. We also
assumed that feedstock costs are zero and other operating and
capltal costs remaln unchanged.

For each refinery we estimated the hydrogen plant capaclity
required to support all of the new HDR and HDA capacity. Then we
used ADL's caplital and operating costs and estimated for each
smal! refinery the capital and operating costs of the added HDR,
HDA, or hydrogen plant capaclty and for each regulatory scenarlo.
As in the previous cost analysls, the cost analysls performed
here is for 55 percent of distilliate production processed as

diesel fuel. The segregation costs are assumed to be -

-89~



significant as compared to the overall costs and were not
Included.
2. Capltatl and Operating Costs

Tables 23 through 26 show the results of our cost analysis
with: (a) the Mobil process replaced with the HDA process for
large refinerles, for each regulatory scenarlo and for each
refinery group; (b) our cost analysis for small reflnerles; and
(¢) the costs of hydrogen plant capaclty to support all new
process addlitions. Overall, our methodology resulted In
Increases in capltal costs for the 0.05 percent sulfur case.
For example, our analysls compared to the NPRA results shows that
for large refinerles the capltal costs are Increased by about $30
mliillion for the 0.05 percent sulfur case and the capltal costs
are reduced by about $89 milllon for the 20 percent aromatic
hydrocarbon case. There is also a signiflcant decrease In the
operating cost estimates for our anaiyslis. Thls change 1s mainty
due to our assumption that the feedstock costs are zero for the
non-Mobl|l process case. Overall operating costs estimated by our
analysis compared to the costs in the ADL analysls are reduced
for small reflneries by about $€65,000 per day for the 0.05
percent sulfur case, and by $548,000 per day for the 10 percent
aromatic hydrocarbon case.

3. Cost per Gallon and Cost Effectiveness
Table 27 summarizes the same costs for esach regulatory

scenario for the small and the large reflnerles. Tables 28 and
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29 are the results of the staff's cost analysis and show the
costs in cents per galion and the cost-effectliveness for each
regulatory scenario for the years 1995 and 2010.

For the 10 percent aromatics and the 0.05 percent sulfur
case our analysls shows an improved cost-effectiveness compared
with the ADL analysis shown in Tabie 21, the most notable example
belng the small refineries where the cost-effectlveness shows an
Improvement from $22.20 to $4.60 per pound of total pollutant
reduced. Our analysls for the same case for the year 2010 shows
that the cost effectiveness Improves to $4.00 from $4.60 per
pound of total poltutant reduced for 1995.

F. COMPARISON OF THE DIFFERENT COSTS AND THE COST-

EFFECTIVENESS ANALYSES

Tables 30 and 31 show a comparison of the results for
capltal costs and cost-effectliveness by the different cost
analysls methods used In this report. For the 0.05 percent
sulfur scenarlo for small reflneries, our capital cost estimates
are within the range of costs estimated by ADL and NPRA. For
large refineries, our analysls shows higher capital costs than
for the other methods. For the 0.05 percent sulfur and 20
percent aromatic hydrocarbon case, our capital cost estimates are
higher than NPRA's estimates for large refinerles ane lower for
small refineries. A comparison of our results with ADL's results

for the 0.05 percent sulfur and 10 percent aromatlic hydrocarbon
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case shows that our cost esflmates are hlgher for large
reflneries and lower for small reflnerles.

The cost-effectiveness results shown in Table 31, in
addition to the capital costs, reflect the dlfferences In
operating costs for the varlious cost-effectiveness approaches.
The table shows that for large refinerlies, If total pollutants
are considered, the cost-effectiveness ranges from $2.60 to $3.50
per pound of total pollutant reduced. For small refineries, the
range shown Is from $1.30 to $22.20 per pound of polliutant
reduced. The $22.20 per pound figure reflects the high feedstock
costs in ADL’'s analyslis for small refineries.

G. OTHER SENSITIVITIES

1. Segregation Costs

our analysls of costs Is based on the cost to produce
only the volume of diesel fuel that would be subject to the
requirements of the proposed regulations. Industry
representatives ralsed concerns regarding the costs that
would be Incurred because the refining, transportation and
distribution sectors of the oil industry would need to segregate
the low sulfur, low aromatic hydrocarbon diesel fuels from other
grades of distillate fuel. We have dliscussed this issue with
plpellne company representatives. Their view Is that the

segregation cost would be elther non-existent or not significant

for the transportation sector. We have performed a cost analysis
assuming every reflnery will need additional tankage for
regultated diesel fuel. We estimated the needed tank capaclty as
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being a 30 day storage capaclty. Our capltal cost estimates are
$3.3 million and $10.7 mitlion for small and large refiners
respectively. This would add 0.1 to 0.3 cents per gallon to the

cost of diesel fuel produced.

2. Additional Hydrorefinlng Capaclty

At our September 27, 1988, consultation meeting,
several refiners stated that the ADL analysis was faulty in that
some existing hydrotreating could not be used to reduce fuel
sulfur content to the level requlired of a first stage of an HDA
unit, as assumed by ADL. Because of thls, the refiners assertad
that ADL had underestimated the cost of HDA processing. We used
ADL’'s results as the basis for our cost analysis.

We have performed a sensitivity analysis of the cost of
additional severe hydrotreating (hydrorefining or HDR) capacity
such that it would act as a first stage of an HDA unit. Our
estimates of large refiner costs would increase by up to 20
percent If all refiners would need to add HDR capacity. Because
we do not know the extent of the need to add such capaclity, we

have not included it in our basic cost estimate.
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X11. PROPOSED REGULATIONS
A PROPOSED NEW SECTIONS
The staff |Is proposing two new sections to the
Californlia Code of Regultations (CCR). Those sections are Section
2256 - sulfur Content of Diesef Fue!, and Sectjon 2256 - Aromatic
Hydrogarbon Content of Diesel Fuel. We are also proposing

amendments to existing Section 2252. The texts of our proposals
are shown In Appendix G. Thls chapter presents the provisions of
the proposed regulations.

B. SUMMARY OF PROPOSALS

Proposed Section 2255 of Title 13, CCR, limlts the
sulfur content of motor vehlicle diesel fuel for use Iin Californla
to 500 parts per mllillon. Proposed Section 2256 limlts the
aromatic hydrocarbon content of motor vehlicle diesel fuel to
10 percent by volume, except for limlted amounts of motor vehlcle
diesel fuel produced by smail refiners (refiners with crude ol
capacity less than 50,000 barrels per stream day). Those |imited
amounts may not exceed an aromatlic hydrocarbon content of 20
percent.

The two proposed sections define terms and applicabllity,
and provide for test methods, variances, and in the case of
proposed Sectlon 2256, aiternative means of compliiance.

C. DISCUSSION OF REGULATORY PROPOSALS

Because the proposed reguiations both address
specifications for motor diesel vehicle composition, many of the

provisions of proposed Sections 2255 and 2256 are the same. Many
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of these provisions are the same as existling Section 2252 which
Ffimits the sulfur content of motor vehlcle dlese! fuel
transferred or sold for use In the South Coast Alr Basln and
Yentura County. Sectlon 2252 has been successfully implemented
since January 1, 1985. Proposed Section 2255 is discussed below.
Following this discussion, proposed Sectlon 2256 Is discussed
With reference to the provisions In common with Section 2255.

D. PROPOSED SECTION 2255--SULFUR CONTENT OF MOTOR VEHICLE

DIESEL FUEL

1. The Sulfur Content Limit,

The regulation would Impose a statewide sulfur
content 1imit on motor vehicle dlesel fuel of 500 ppm. As
discussed elseowhere In this report, a 500 ppm [imit Is
technologlically feaslble and would result In slgnificant
emlssle¢ens reduétions. A 500 ppm limit Is already being met In
the SCAB and Ventura County. Standard reflnery processes can
reduce the sulfur content of dlesel fuel by 90 percent. The
current Division of Measurement Standards (DMS) limit for the
sulfur content of motor vehlcle diess! fuse! outslide the SCAB and
Ventura County Is 5,000 ppm. A 90 percent reductlion of the
sulfur content of diesel fuel contalning 5,000 ppm would result

In diesel fuel containling 500 ppm sulfur.

2. Appllcablility to All Producers and Importers,

The regulation woutld appl!y to all motor vehlcle

diese! fuel In the state, regardless of who produced or Iimported
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the fuel. We believe this |Is the most equitable approach and
will result in the greatest emissions reductions.

The exlisting regulation for the SCAB and Ventura County has
included an exemption for small refiners. In 1985 the Board
eliminated the exemption effective January 1, 1989. We believe
that the reasons for eliminating the existing small refiner
exemption also support not having such an exemption In a
statewlde regulation. The cost-effectiveness of applying the
hbasic standard to smal!l reflners compares favorably wlth other
measures. An exemption results In substantlally greater
emissions because the DMS standard permits ten times the sulfur
content as our proposed 500 ppm standard. An exemption would
ailso result in an unintended economic advantage for small
refiners. Because of the nature of refinery operations, an
Intermediate sulfur content standard for small reflners does not
appear to be a practical option.

3. compllance Date,

The proposed regulation would require compliance
with the 500 ppm sulfur content limlt as of January 1, 1993.
This compiiance date would provide leadtime gensraliy comparable
to that provided by previous fuels regulation, and would allow
adequate time for large and small refiners to plan and Install
necessary new refinery equipment or develop ailternative markets
for diesel fuel. Secticon 2252 originally provided three and one-
half years for large refiners to comply with the low sulfur

requirement for diesel fuei In the SCAB and Ventura County. The
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1985 amendments simitarly provided small refiners three and one-

half years leadtIime.

Our proposed limlts on the aromatic hydrocarbon content
of diesel fuel would requlire somewhat more time because of
greater capital equipment requirements for aromatic hydrocarbon
content reduction compared to éulfur content reduction. Since
many reflners would be expected to use the same refinery
processes to comply with both the sulfur and aromatic hydrocarbon
Iitmlts, It Is advisable for both regulations to have the same
date for final! compilance. We believe that a January 1, 1993,
effective date for both regulatlions would be conslistent with the
need for expeditlious emission reductlons and the need of refiners
to have sufflcient time to plan, deslign, and have necessary
equipment Installed.

4, High-Altitude Winter Dlesel Fuel

During the workshop process, some refiners Indicated
that It Is necessary to blend quantities of Jet fuel iInto diesel
fuel sold at higher elevatlons during the wintertime In order to
have an acceptable cloud point (the temperature at which wax
crystals begin to appear in the fuel). The Jet fuel typically
has a higher sulfur content, and 1t may not be economfcall§
reasonable toc require substantial desulfurization of the jet fuei
Just to assure that the high altltude wintertime blends meet a
500 ppm sulfur content standard.

We are satisflied that this Is a leglitimate concern.

Therefore, the proposed regulation provides that the 500 ppm
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standard does not.apply where two conditions are met: (1) the
person selling the diesel fuel demonstrates that he or she has
taken reasonable precautlons to assure that the diesel fuel wili
be dlispensed to vehicies only at aititudes of 3000 feet above sea
level and only between November 1 and March 31, and (2) the

sulfur content of the dlesel fuei does not exceed 1500 ppm. We

belleve this will allow the use of sufficlent amounts of jet fuel
as a blend component, while having a minimal Impact on the
overall emisslions reductlons resulting from the regulatlion.

There is no economlc Incentive for refliners to increase the
amount of the higher sulfur jet fuel blendstock because jJet fuel
costs more than diesel fuel.
5. Complilance Mechanism,
(a) Elat Limit Applicable to All Motor
Yehicle Diasel Fuel.

We propose that the 500 ppm sulfur content
standard be a2 flat Ilimlt applicable to all batches of motor
vehlcle dlesel fuel. We belleve that this approach has distinct
advantages over a regulation which permits averaging or
offsetting different sulfur contents of different batches. The
flat limit approach is aiso simllar to.that taken In all of the
Board's other fuels reguliatlions except for the lead content of
leaded gasoline standard (13 CCR Sectlon 2253.2), and is the
approach that has been implemented successfully in the existing
limits on the sulfur content of motor vehicle diesel fuel In the

SCAB and Ventura County.
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A major advantage of a flat Iimlt is that the regulation can
be substantially simpler and more stralghtforward than one
allowing averaging or offsetting. A flat JImit avoids the need
for complex provisions on how an average Is computed or what
tests the producers must conduct and report.

Second, enforcement of the reguiation can be more effective
and less costly. Enforcement personne! wll| be able to sample
dlese! fuel in the fleld and document a violatlon whenever dlese!
fuel exceeding the 500 ppm standard Is found. These personne!
could then take Immedlate action to see that honcomplying diese|
fuel Is removed from the market. The staff will not have to rely
on the accuracy and integrity of tests and reports submitted by
the reguiated communlity,

As part of a recent Proposed rulemaking, The U.S.
Environmental Protection Agency descrlbed the substantial
problems encountered |n enforcing EPA's quarterly average lead
content |imits, which also allowed "banking" and “trading"” of
tead credits. (See 53 Fed. Reg. 17378, 17405 (May 16, 1988).)
Recent audits of refiners and Importers have uncovered a
slgnificant number of unreported violatlons, including
overreporting of gasoline gailonage, misclassiflication of
gasoline and gasol!lnes blending stocks, and underreporting of lead
usage. Unreported violations can often only be Identifled
through costly and resource Intenslve Investigations. This is of
particular concern since the average lead content regulations had

the advantage of cross-checks of lead usage through reports
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submitted by lead addlitive manufacturers. In the case of a
compound such as sulfur which exists naturally In crude oll,
there do not appear to be any available mechanisms which would
allow for effective cross-checking.

Third, the ability of staff to verify compllance through
direct sampling minimizes the need for Industry to submit reports
to staff. Since the proposed 500 ppm sulfur content limit will
appiy to all batéhes and there wll| be no separate limlt for
small reflners, we do not belleve that producers or Importers
need be required to malintaln records of sulfur content tests as
they have been In the exlsting regulation for the SCAB and
Ventura County,

The advantage of an averaging or offsetting mechanism is
that it affords greater flexlbility to reflners by allowing them
to operate closer to a manufacturing toierance, thereby reducing
costs. However, we believe that reflners are reasonably able to
operate In compliiance with a flat 500 pem sulfur content JiImit,
and thls has besen borne out by the experlence In the SCAB and
Ventura County,

{(b) AMLM—MLLLMJBMMMM

Network,

Llke the Board's other fuels regulations, the sulfur content
iimit would apply throughout the diesel fuel distribution
network. Thls enables the enforcement staff to conduct tests and
document violations at various points In the distribution

process. For instance, "upstream" Inspections at reflnerles can
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effectively identify largelbatches of noncomplying fuel before
they leave the refinery. "Downstream" samples can help identify
the presence of high sulfur dlesel fuel orlglinaily intended for
honvehlcular sources.
(c) Prohibited Transactions.

The propecsed regulation prohiblts the “"sale, offer for sale,
or supply" of vehicular diesel fus] exceeding the standard. A
definltion of "supply" would clarify that the term means to
provide or transfer a product to a physically separate faclillty,
vehicle, or transportation system. Because a supply can occur
without relinquishment of the product to =z separate entity,
wholesale purchaser-consumers who fuel their own vehicles would
be engaging In a supply. Thus there Is no need to have a
separate provislon on whofesale purchaser-consumers dlspensing
fuel Into their vehicles.

(d) Definltlon of “VYehlcular Diesel Fuel,"

The sulfur content standard would apply to "vehicular dliesel

fuel." The regulatlion only appllies to motor vehicle dliesel fuel
because the Board has the direct authority to regulfate the
composition only of those fuels used in motor vehicles. (Western

Q11 and Gas Associatlion v, Orange County APCD, 14 Cal. 3d 411

(1975)).

The regulation would contaln a definltion of "vehicular
diess| fuel" ldentlical to the existing Section 2252(f)(4)
definitlion of "dlesel fue!l for use In motor vehlcies In the south

coast contro!l area" except for changes in the geographic
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references. Dlesel fuel which meets any of three tests would be
included in the definition: (1) The fuel Is not consplcuously
identified as a fuel that may not lawfully be dispensed to motor
vehicles In the control area; (2) the seller or supplier knows
the dlesel fuel will be used In motor vehicles In California, or

(3) the seller or suppller reascnably should know the dlesal fuel

wilt be so used and s/he has not recelved a declaration statling
that the purchaser or reciplent will not sel! the fue! for
dispensing, or dispense It, Into motor vehicles in Callfornia.

The prohibitions on sales, offers or suppllies would apply to
diesei fuel which at the time of the transactlon s “"vehlcular
diesel fuel."

Substantiai quantities of diesel fuel sold in Callfornla are
used In nonvehlcular sources or are shipped out-of-state.
However, dlesel fuel may pass through several partles durling
distribution; to the extent that the sulfur content i|imits
increase the price of California vehlcular diesel fuel, there |Is
an economic incentive for purchasers to use for California
vehicles higher sulfur content diesel fuel that may have been
Intended for non-vehicular use or sale outside the state. The
proposed definition Is intended to help assure that sellers of
hlgher sulfur diesel fuel take reasonable precautions against
subsequent iliegal use of the fuel; If they do not do SO, wWe
belleve the sale should be subject to the regulation. At the
same time, the deflnition assures that a person taklng

approprlate precautlions Is not i{lable where a subsequent party
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sells the fuel for uss in Callfornia motor vehlcles. We have not
sxperlienced problems with the definlitlion in administering the
south coast control area rule.
(e) Eresumed Sylfur Content of Dlese| Fuel
Represented as Belng for Monvehicular Use.

We have experlenced Instances in the south coast

control area In which distributors have acqulired dlese! fuel
labeled as not for use as a motor vehlcle fuel in the basin and
have then sold it for motor vehicle use In the south coast
control area. In virtually all Instances, the fuel has been so
labe led bec;use It exceeds the sulfur content timlt. Howaver,
direct test results of the sulfur content may not be availtable,
and one of the slements in demonstrating a violation is proving
that the diesel fuel was in fact above the limlit. We are
therefore proposing that where fuel!l has been represented as not
for use In Callifornla motor vehicles, It shall be deemed to
exceed the 500 ppm sulfur content Iimit uniess It has been tested
and shown to be In compliance.

(f) Sales Atiributed to Upstream Vendors,

The regulation would provide that each retali sale of diesel
fuel for use In a motor vehicle, and each supply of dlesel fuel
Into a motor vehlecte fuei tank, Is also deemsd a saile by any
person who previously sold the fue! In violation of the
substantive standards. Thls provision would help assure that
Health and Safety Code penaltles apply to persons who sell

nhoncomplying diesel fuel to distributors, service stations or
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bulk purchaser-consumers. It Is based on essentially identical
language In Sectlon 2252(d)(6).

Health and Safety Code Sectlon 43016 is the only Health and
Safety Code penalty provision appllcable to the sulfur In dlesel
fuel regulation. Section 43016 provides a civil penalty not to
exceed $500 "per vehicle." The described provlsion Is Intended
to assure that the "per vehlicle" penalties could appiy to a sale
of dlesel fuel by an upstream seller In violation of the
regulation when the fuel Is subsequently retalled by another
party. The provision would only apply to the upstream seller
when his/her upstream sale was Itself Illegal under the
regulation. Additlonally, It is the opinlon of Board counsel
that in actually imposing any penaity, a court would be requlred
to consider pertinent factors such as the total amount of diesel
fuel sold, the degree to whlich the suilfur content exceeded the
standard, the economic beneflt received from vielating the
reguilation, the willfulness of the conduct, the presence or
absence of prior violations by the seller, and the sitze and
financial condlitlon of the seller, and couild only impose a
reasonable penaity. (cf. Peoples v. Superlor Court (Olson), 96
Cal.App.3d 181, 198 (1979).)

6. Test Method,

The test method for determining the sulfur content of dlesel
fuel would be American Soclety for Testing and Materials (ASTM)
Method D 2622-82, or any other method determined by the Executlvs

Offlcer to give equivalent results. This is identical to the
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test method provisions In Section 2252. We have not experienced

problems with these provisons.

7. Yarjances,

The reguiation would authorize the Issuance of varlances in
essentially the same manner as presently authorlized In Sectlon
2252. We belleve that a variance provislon Is necessary to
mitigate, In appropriate iInstances, extraordinary hardship that
could result from application of the sulfur content standards.
The situations In which variances can be issued are strictly
IImited. There have been few variance appllicatlions under the
existing fuels regulations, and we expect thlils pattern to
continue under a statewide sulfur content !imit.

In order to monlitor progress towards compl!lance by January
1, 1993, we propose that the regulation require each producer to
submit a compfiance schedule. The schedule would be due at the
beginning of 1990, wlith annual updates for the next two vears. A
varlance based on a compl!lance plan Involving the Instaliation of
major additional equipment could not be Issued if Instaltation of
the equipment had not been Included In the complliance schedule
and updates. We do not belleve a varlance Is appropriate in the
absence of timely actlivity during the avallable leadtime period.

8. Qther,

The proposed regulatlion Includes varlous cother
provislons Intended to make It more effective and practicabile.
These provisions are generaily patterned after the terms of

Sectlon 2252, and have proven to be useful and appropriate.
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E. PROPOSED AMENDMENTS TO SECTION 2252~-SULFUR CONTENT OF
DIESEL FUEL IN THE SOUTH COAST AIR BASIN AND VENTURA COUNTY

'tn order to avoid potentlial confllcts between the proposed
new Section 2255 and the exisiting timits in Section 2252 on the
sulfur content of dlesel fuel sold for use in the SCAB and
Ventura County, we propose adding a new Sactlon 2252(0) stating
that the section does not apply to diesel fuel scid, offered for
sale, or transferred on or after January 1, 1993. We also
Propose a change in the title of the sectlon to reflect the
effect as amended.

F. PROPOSED SECTION 2255--AROMATIC HYDROCARBON CONTENT OF
MOTOR VEHICLE DIESEL FUEL

1. MML&MWM
The regulation would impose a basic statewlide

aromatic hydrocarbon |imit on motor vehicle diesel fuel of 10
percent by volume (a less stringent limit would apply to small
refiner diesel fue! as discussed beiow). The emission reduction
and attendant health effects beneflts of the 10 percent aromatic
hydrocarbon content llmitation are the greatest of the limits
that we examined. Further emlssion reductlons could be achleved
with lower levels of aromatl¢ hydrocarbons, but the technology to
reduce the aromatic hydrocarbon contents may not be adequate to
achieve much lower levels. As discussed elsewhere Iin thls
Report, we believe that a 10 percent aromatic hydrocarbon content
I''mit is technologically feasibie and cost-effective measure that

will achieve the max imum emisslion reductions.
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2. Less Stringent Aromatic Hydrocarbon Limlt for
Small Refiners
(a) 20 Percent Aromatlc Hvdrocarbon Limit.

We recommend that vehicular dlesel fuel produced

by small reflners be subjJect to a less stringent 20 percent |imit
on aromatlc hydrocarbon content. The less stringent |imit would
only apply the small refiner‘s historic production volume; any

dlesel produced beyond that amount would be subject to the baslc
10 percent Iimit.

We propose an aromat!ic hydrocarbon content limit of
20 percent for small reflners so that smail refliners can

effectively and falrly compete In the motor vehicle diesel fuel

market and still reduce emissions. The “unit" or per gallon cost
for small refiners to produce motor vehlcle dlesal fuel by
desulfurlzing the diese! fuel produced In the small refliner's

reflnery, and purchasing 10 percent aromatic hydrocarbon content
diesel fuel to "blend down" to 20 percent aromatic hydrocarbon
content, Is about the same as for large reflners’ per gallon
costs to produce 10 percent aromatic hydrocarbon content diesel
fuei.

(b) Definltlion of "Small Reflner. "

The proposed small refiner definitlion is based on
the existing definltion In Sectlon 2252, with some modifications.
Parallel to the treatment tn the current regutation for the SCAB
and Ventura County, a small refiner's Callfornia reflnery could

not have a capaclty of more than 50,000 barrels per stream day
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(bpsd) at any time since January 1, 1978. The limit on past
capacity prevents a "downsized" large refinery from quallfying
for the less stringent limlt. The refinery could not at any time
slnce September 1, 1988 (the month we advised industry of this
proposal) be owned or controlled by a reflner that at the same
time controls Caitifornia crude capaclty over 50,000 bpsd or U.S.
crude capacity excesdlng 137,500. We belleve that reflners not
meeting these criteria are I|lkely to have a sufficient ability to
integrate operations and to provide financlal resources that they
should be subject to the basic 10 percent standard. The existing
reguiation also inciudes a requlrement that the small refiner's
reflnery has been used at some time from 1978-1980 to produce
motor vehicle diesel fuel. Because of the dlfferent mechanism we
hropose for determining the cap on the amount of diese! fusel
subject to the less stringent standard, an equivalent requirement
is not necessary.

(c) Apnual Yoiume of Diese! Fuel Sublect to the

Less Stringent Limit,

We recommend that an annual cap be imposed on the
amount of vehicular dlesel fue!l a small refiner could produce
under an exemptlon from the 10 percent standard. Thlis would help
lImit the amount of diesel fuel sold with a higher aromatic
hydrocarbon content. The proposed regulation would set the
annual timJt at a volume equal to 55 percent of the average of
the highest three year annual production volumes of distiliate

fuql In 1983-1987 at the small refiner’s refinery, as reported In
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reguired annuail reports to the Californla Energy Commtission
(CEC). On an industry-wide basis, 55 percent of the distillate
fuel produced in Californla s sold as motor vehlcie diese| fuel
In the state. Such a cap would ailow small refiners access to
the less stringent 20 percent aromatic hydrocarbon limits at
thelr historlc production levels. Using the volumes In the CEC
reports has the advantage of providing flxed, preexisting figures
that cannot modified to maximize production under the exemption.

(d) Administration of Small Reflner Limlt,

The provistons on administration of the small
refiner aromatic hydrocarbon limit are patterned very closely
after the provisions In Sectlon 2252.

A refiner seeking to be subject to the 20 percent Iimit
would have to submlt an application containing Informatlon
necessary for the ARB to evaiuate whether the refiner qualifles.
To ensure accuracy of the data, the application would have to be
submitted under penalty of perjury. The Executlive Offlcer would
be requlred to grant or deny the application within 920 days of
recelpt. The lower 10 percent limit would immediately apply
whenever the refiner ceases to meet the small refiner definition.
Thls wouid assure that a refiner no longer entitled to be subject
to the alternative IImit could not continue to supply such diese!
fuel pending discovery of changed condltions.

All vehicular diesel fusel consecutively produced In a
calendar year would be counted agailnst the cap unti! the annual

cap volume Is reached, whether or not some batches have an
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aromat ¢ hydrocarbon content not 6xceeding 10 percent. The
deflinlition of “"produce" would be the same as In Sectlion 2252;
.that definlition has proven workable.

As Is the case In Section 2252, we propose that the
basls 10 percent aromatlc hydfocarbon limit abp!y to diesel fuel
supplied from a small refinar's refinery in any quarter where
less than 25 percent of the diesel! fuel supplied from the
refinery was produced from distlllation of crude oll at the
refinery. We Included this provision to ensure that the intent
of a separate !imit - to allow small refiners to contlinue to
produce and market motor vehiclie dlesel fuel from operating a
refinery - Is realized. We do not belleve that It is appropriate
to provide this consideration if the refinery were to be used as
a blending depot.

Small refiners would be required to submit pericdlic reports
similar to those required under Section 2252. The data requlired
to be reported Is necessary to help enable the ARB to verlify
compllance with the regulation. Fallure to submit the requlred
data wi!l!l create a presumption that the diesel fuel was sold In
violation of the reguiation,

3. Compliance Date.
We propose that the diesel fuei aromatlc
hydrocarbon content standard become applicable beginning January
1, 1993, for the reasons set forth In the discusslon of the

complliance date for the sulfur content I Imits.

4, Compllance Mechanism,
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As Indicated above, we belleve that flat limits
are generally preferable to schemes Invoiving averaging and self-
feporting. However, we have concluded that imposition of a flat
iimit for the 10 percent hydrocarbon standard would not allow
adequate flexlbillty for reflners to meet the standard Iin a cost-
effective manner. Thus we are recommending that producers and
Importers be allowed the option of varying the aromatlic
hydrocarbon content of batches of vehicutar diesel fuel above and
below 10 percent.

The proposed approach would allow reflners to sell dlesel
fuel that Is somewhat out of specification and thus operate
closer to manufacturing tolerances. Refliners have stated that
such an approach could significantly reduce their costs. They
would not have to reblend as many batches to bring them Into
compliance. We believe that our proposed approach will provide a
cost-effective means of compllance with the 10 percent aromatic
hydrocarbon content Iimit.

We considered a "pure” averaging mechan!sm under which
compilance with the standard would be determined solely on the
basls of the average aromatic hydrocarbon content over some tlime-
perlod such as a calendar quarter. We do not recommend such an
approach as It would be entirely dependent on self-reporting and
veriflcatlon of the accuracy and completeness of the reported

data woulid be extremely difficult. Wwe are recommending a
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"hybrid" approach which is based on a mechanism in the ARB's lead
content of leaded gasoline regulatlion (Sectlion 2253.2(c), Title
13, Californla Code of Regulations). A producer or Importer
would be permitted to sell batches of dliesel fuei with a
"designated alternative limit" excesding 10 percent aromatlic
hydrocarbon content as long as the batch Is reported to the ARB
and the producer within S0 days before or after transfers
sufficient quantities of dlesel fuel with lower "designated
alternative IIimits" to offset fully the higher arcomatlic content.
Unless a deslignated alternative Ilimit |s assigned to a batch, the
baslc 10 percent limit would apply. A producer or [mporter that
chooses to have each batch meet the 10 percent standard would
never have to use the designated alternative limlt option.

The proposed approach will afford greater flexiblility while
glving ARB personnel some abliity to sample In the fleld to
verify compiiance. However, fileld sampling would be less
effective than with a flat iimiIt because of ths possible
commingling of batches with different designated alternative
lfmits. Field testing would also not be effective In vérlfying
the reported volumes of designated batches. Therefore, we are
recommending testling and recordkeeping requirements to enable
staff to conduct compilance audits. Such requirements would have
to be Imposed in any case If a "pure" average were Implemented.
Even with these safeguar&s. we are concerned about the degree to

which ARB staff can effectively assure compllance. We will
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closely monitor Implementation of the program to determine |Its

ci) BM&UDQM&LQLQQ;M
Alternative Limit Batches.

Producers and Importers would be permitted to

effectiveness.

assign designated alternative limits to "final blends" they have
produced or Imported. “Final blend” |s deflned as a distingt
quantity of diese] fuel which |sg Introduced Into commerce |n
Callfornia Without further alteration which would tend to affect
the fuel'sg aromatic hydrocarbon content. The designated
alternative |imit could not be less than aromatic hydrocarbon
content as shown by the testing requlred to be conducted.

The producer or importer would have to notify the Executive
Offlicer of the final bilend‘s designated alternative IImit and
volume, In admlnlsterlng the offset Provisions In the lead in
gasoline regulation, complliance stafr set up a 24-hour system for
telephonic notification. Such a system would similariy be made
avallabile for notifications under of designated alternative
ilmits.

The notification would have to be recelved before the start
of physical transfer of the dlese! fue! from the production or
Importation facitity, and In DO cases jess than 12 hours befors
the producer elther completes physical transfer or commingles the
blend. The ARB needs to be notifled tn sufficiant time to have
the opportunity to verlify compliance by sampling some part of the

biend before [t has f[eft the facillty. At the same time, it
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would be unduly burdensome for refiners to have to hoid a flnal
blend for a substantlal periocd before it is shipped out. We
belteve that the proposal strikes an appropriate balance between
these two obJectlives. Subsectlon 2252.2(c)(1) of the exlisting
lead In gasollne regulation has required notlification of the
estimated lead content and volume at least 24 hours before the
start of physlical transfer, with follow-up notificatlion of actual
values, If different, within 24 hours after the start of physlical
transfer. We are concerned that permitting revisions to
estimated values could enable a producer to change the designated
bimit after it becomes known that the ARB Is sampling the fuel.
Therefore we propose not allowing changes of estimated values,
but having shorter notification perlods.

As In the Iead in gasollne regulation, notificatlons of
deslignated alternative Iimit batches would be permitted after the
speciflied time periods [f the Executlive Officer determlnes the
delay was not caused by the Intentional or negliegent conduct of
the producer or Iimoprter.

We propose that the triggering events for computing the
offset perliod be l|ldentical to those In the lead in gasollne
regulation. The 90-day offset pericd would run from the start of
physlical transfer of the high aromatic hydrocarbon blend to the
completion of physical transfer of the low aromatic hydrocarbon
blend. These events are reasonabie and readiiy identifiable.

The regulation would expressly authorize the use of

protocols between the Executive Officer and an individual
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producer or Importer to specify how the designated alternative
timit requirements are applled to the producer’'s or importer's
cperations. Terms of the protocol would be limited to
speclfication of alternative events from which notification and
offset periods are measured, and allowing flexibllity In the
deadlines for reporting batches with designated alternative
Ilmits to accomodate normal business hours. Essentlally
ldentical provisions In the lead In gasoline regulation have

proven useful and workable.

(iiil) Prohlibited Activities Regarding
Pesignated Alternative Limlt Batches.

The proposed regulat!on would prohiblt the
sale, offer for sale, or supply of vehlcular dliesel fuel which
has been reported pursuant to the designated alternative IImit
provislons If the aromatic hydrocarbon content exceeds the
designated limit, or If the excess aromatic hydrocarbon content
Is not fully offset. The reguiation would prohiblt seiling
vehlcular dliesel fue! In a blend with a designated alternative
IImit of more than 10 percent aromatic hydrocarbon if the total
volume of the blend sold exceeds the volume reported. ft would
similarly prohlbit sellling vehicular dlesel fuel In a blend with
a deslignated alternative |Imit of less than 10 percent aromatic
hydrocarbon If the total volume of the blend sofd is less than
the volume reported. These provisions would protect agalinst
misreporting volumes of dlese! fuel to which a deslignated

alternative IImit has been assigned.
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(b) RﬁﬂulLﬁﬂ_lﬁillpﬂ_ﬂﬂﬂ_ﬁﬂﬁgiﬂkﬁﬂniﬂg+

The proposed regulation includes requirements for
testing and recordkeeplng patterned closely after the
requirements in Section 2252(i) and (]J). Producers and Importers
would be requlired to sample and test each flnal biend of
vehicular dlesel fuel for aromatic hydrocarkbon centent, and
malntain for two years records of sample date, product sampled,
vesse| sampled, flnal blend voiume, and aromatic hydrocarbon
content. Producers and Importers would be required to provide
the records to the ARB within 20 days of a written request. We
believe that these provislons are necessary to enable ARB staff
to conduct comptiance audits, particularly slince the daslignated
alternative IImlit and small refiner provisions make fleld testing
potentially less effective.

Diesel fuel not tested would be deemed to have an aromatic
hydrocarbon content exceeding 10 percent, unless the producer or
Importer demonstrates to the contrary. This assures that
producers and importers could not benefit from fatiing to test
noncomplying fuel.

Producers and importers would be authorized to enter into
protocols with the Exscutive Officer to specify alternatlve
sampling, recordkeeping, or smail reflner reporting requirements.
This would afford flexlbllitty to tallor the requirements to
speclal operatlional needs.

(¢) Other Compllance Mechanlsms.
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The other coﬁpllance mechanisms in the regulation
would be ldentical to those descrlbed above In subsection 4 (b)-
(f) of the discussion of the sulfur content regulation.

5. Test Method,

The test method for determining the aromatic
hydrocarbon content of diesel fuel would be ASTM Test Method D
1319-84, or any other method determl!ned by the Executlve Officer
to glive equivalent resuits. We are proposing thils method even
though the scope of the method states that it Is not applicable
to fuels with final bolling points greater than 600 degrees
Farenhelt, which Is the case wlth most dlese! fuels. We
recommend this method because the historical Informatlion on
diesel fuel aromatic hydrocarbon content Is largely composed of
measurements using thls method. We are continuing to Investigate
better test methods for dlesel fuel aromatlc hydrocarbon content
and wlll propose that such methods be used when they are
validated.

6. Waivers for Dlesei Fuel Contalning Certain

Additives,

The 10 percent aromatic hydrocarbon [imit could be
walved by the Executive Officer for a blend of dlesel fuel
contalining an additive If the Executlve Offlcer determines, upon
application, that the blend results in no greater emissions of
any criterla poilutant, criteria pollutant precursor, or toxlc
alr contamlinant than vehicular diese! fuel meeting the 10 percent

llmit. At workshops on our Proposals, some parties requested
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that the use of additives be allowed as an alternative to
aromatic hydrocarbon content reduction. The proposal willl al low
this as ifong as It is assured the additives will resuit in
equivalent emisslons reductions.

7. Yaritances,

We propose that the regulation have variance provislons
identical to those In the propossd sulfur content regulation.

8. Qther .

As In the sulfur content regulatlion, the proposed
aromatlc hydrocarbon regulation would include various other
provislons intended to make It more effective and practlicabie.
The provisons are generally patterned after the terms In Section

2252.
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X111. IMPACTS OF PROPOSED REGULATIONS

A. EMISSIONS IMPACTS

1. Emlssions from Motor Vehlcles

The proposed requirements for the sulfur and
aromatic hydrocarbon content for motor vehicle diesel fuel wouid
reduce exhaust emlssions from dlesel vehlcles, based on the 1995

emlisslon Inventory, as follows:

SO2 - 80 tons per day
Particulate Matter - 14 tons per day

Nox - 53 tons per day

2. Emisslons from Refineries

Based on data provided by the ADL study, the staff
estimated for each regulatory scenarlo the fuel use requirements
for the added new process unlts. It is assumed that the SCAQMD,
the SJV, and the BAAQMD refineries would employ BACT to reduce
802 and Nox emlisslons. For added process heaters would be
l[imited to 0.5 pounds/MBTU for San Joaquln Valley reflneries and
to 0.02 pounds/MVTV or refineries In other areas of the state.
The sulfur content |s assumed to be |Imlted to 100 ppm for the
refinerles in the SCAGMD and to (0.05 percent by welght for
refineries In the SFBA and to 0.1 percent by welght for
refinerles in the San Joaquln Valley. Table 39 shows the

estimates of emissions for the added process units and for the

proposed regulatory scenarlo of 0.05 percent sulfur by welght for
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Table 39

Estimates of Nox and SOx Emissions from
New Process Unlits Added

to Meet the Proposal Requlrements

Emissions

{(Pounds per Day)

Sox Nox
South Coast Air Basln 1000 210
San Joaquln Valley 750 460
San Francisco Bay Area 375 150
Statewlide 2225 820

Source: ARB/SSD
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alli refineries, 20 percent aromatlic hydrocarbon content for small
reflnerles, and 10 percent aromatlic hydrocarbon content for large

reflnerlies.

Table 39 shows that the addlitional statewlde Sox emlssions
_from new process unlts would be about 1 ton/day. The addlitlional

NOx emissions would be about 0.4 ton/day.

There are maximum emlsslon Increases because the analysis
above assumes that these emission incerease would not have to be
offset. In fact, many Eeflners would have to offset the
emisslons from the instailation of new squlpment. in any case,
the emission Increases shown in table 39 are small compared to
the reductions from the proposed measures.

B. AIR QUALITY IMPACTS

We made an assessment of the alr quality impacts of the
-proposed dlesel fuel requirements related to reduced emisslions of
oxides of nltrogen (Nox)' oxldes of sulfur (Sox)' and particulate
matter from diesel motor vehlcles. Reductions of each of these
contaminants is expected to reduce total concentrations of

amblent fine particulate matter (PM ). Reductions In Nox and

10
Sox emlsslons indlirectly contribute to reduced ambient PM10
concentrations by reducing the amount of compounds available to

react to form nitrates and sultfates, respectively.
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To assess quantltatfvely the alr quality Impacts, we
estimated Impacts on PM10 concentrations In the South Coast, Bay
Area, and San Joaguin Valley Alr Baslins. For each air basin, an
annual average PM10 concentration was calcuiated by averaging the
1986 and 1987 data for all sites that met minimum criteria for
avallable data.*®* The annual average concentratlions of the
sulfate, nitrate, and organic components for each alr basin were
also determined. To estimate annual average PM10 concentratlons
for 1994, the ratio of 1994 to 1987 emissions was multiplied by

1987 concentration of each PM component . Emissions of Sox'

10
Nox, reactive organic gases, and directly emitted PM10 were used

for caiculating the components of sulfates, nitrates, organics,

and remalning PM respectively. We assumed that the erganic,

10°
nitrate, and sulfate components resuited from atmospheric

reactions of the respective emisslons and were not directly

emitted.

Ple charts of the estimated 1994 annual average PM10
concentrations for each air baslin are shown In Figures 13, 14,
and 15 including the specific organic, nitrate, and sulfate

components,

* Criteria utlitized In selecting sites for Inclusion in the
analysis were: 1) sites with representative data for both
years, which Is defined as having a minimum of 12 samples per
calendar quarter; or, 2) sites with at least one year of
repressntative data with the other year having at least two
quarters representatlive data, and the annual average
concentrations of the two years within 10 percent of each
other.
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Flgure 13

Impact of Diesel Proposal on,
Annual Average PMI0 Cancentrations
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Flgure 14
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Flgure 15

impact of Diesel Proposai on
Annual Average PMI0 Concenirations
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fugltive dust, and other directly emittad PM10. The proposed
diesel fuel composition requlirement would reduce concentrations
of nitrates, suifates, and dlirectly emitted PM10. These
components are shown as the "exploded" portion of the plechart.
Flgures 13, 14, and 15 display bar charts showing the "exploded*"
components and comparing the baseline concentrations to what
concentrations would be under estimated minimum and max |mum

Impact of the proposed requirements.

There are addlitional air qQuality Impacts that can be
expected from the Impleméntatlon of these proposed regutatlions,
but that cannot be quantified. As noted in the ARB report, Ihe

£ffects of Oxldes of Nitrogen on Caltfornla Alr Quatijty

(March 1986), emissions of oxldes of nlitrogen contribute to

increased concentratlions of nitrogen dloxide, oczone, acid
deposition, and potentially toxie compounds, and to vislIbllity
Impairment. Any measures that result In reduced emlsslons of Nox
should also resuit In reduced concentrations of these alr
contaminants. The same Is trus, but to a lesser degres, for
reductions in sulfur oxides emisslions. Thers should be benefits
In reduced sulfates, acld deposlition, and vislblllty reducing

particles.

A flnal observation should be made wlth regard to the
magnitude of amblent alr quallty benefits projected from these

proposed regulations. Although the proposed regulations may
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appear to have less than dramatic alr quallty benefits, the
"menu" of strategles currentliy avallable for reductng PMTO
concentratlions Is not large. Many strategies will be required
and the effort to achleve PM10 amblent air quality standards |s
expected to conslst of a large number of measures that
indlvidually will have small results but collectively will
achlieve significant reductlions. The proposed diesel fuel
regulatlions are in the group of measures that will have the
largest, most direct, and beneflclal effect for achieving reduced
PM10 concentrations.
2. Vislbillty

The vislble smoke plumes emltted by diesel vehlicles are
composed primarily of carbon partlcles, with a modest fraction of
condensed organic¢ compounds. Under normal atmospheric condlitlons
these particlies are effectively Inert, and remain unaltered as
they undergo diffusion, transport, and deposition or washout.
They accumulate Iin the atmosphere In preoportion to their mass
emission rates, and, by scattering and abscorbing light,
contribute to the regional haze observed in the Scuth Coast Air

BasIn, San Joaquln Valley, and elsewhere In California.

A statewlde assessment of dlesel emisslon Impacts on

vislblllty was compiled by Trijonls ﬁ/. TrijJonls estimated that
heavy duty diesel trucks accounted for about 5 to 20 percent of

total visibility reduction statewlide. Of the 83 sites analyzed,
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21 had a dlesel contribution below 10 percent, 47 were between 10
and 20 percent, and 15 had dlesel Impacts greater than 20
percent. These results were In reasonable agreement with data
from a few sltes where flne partlicle characterlzation had been
done. TriJonis cautioned that, while the data were adequate for
statewlde estimates, they were not detalled enough, and contained

possible biases that might make data for any one site misleading.

Applying Trljonis’' range of estimates of 5-20 percent
degradation due to diesels, and the expected 10-17 percent
reductlon of PM emissions predicted for the proposed dlesel fusel
requirements, the proposal could improve statewlide average
vislibility from 0.5 to 3.4 percent, depending on location. More
detalted analyses by Gray and Cass for the South Coast Air Basin

confirm this range ot visibllity Improvement.

C. CANCER RISKS FROM DIESEL EXHAUST

The dose-response relationship between exposure to dlessl
exhaust and human lung cancer has been estimated by a number of
Investigators with the results summarized by McCIellanI/. These
dose-response relationships have been darived from
epidemiotoglical data, data from animal studies, or the results of

short-term tests. Due to gaps in epidemiologlcal information
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/
present in the early 1980°'s, Albert and coworkersﬁ

developed a
comparative potency method In which data from animal studles and
short-term blocassays were used to estimate the risks from
exposure to certaln substances. The estimated potency values
obtained are refrered to as unlt risk which as used here Is the
calculated cancer lincidence rate for a large population which is
exposed to 1 ug/m3 of a carcinogen for their entire |ifetimes.
It can also be consldered as the average chance a person has of
getting cancer from constantly breathing air containing

1 ug/m3 of the cancer-causing agent for thelr entire II1fe. The
Initial appllcation of this method to diesel exhaust ylelded a
unit risk value of 2.6110—5 times Increased lifetime risk per

lifetime exposure to 1 ug/m3 of dlesel PMa/

wlth diess| PM beling
a surrogate for total diesel exhaust. Subsequently, the risk
from exposure to diesel! exhaust was estimated to be

1.2x10_5 times Increased |Ifetime risk per lifetime exposure to 1
ug/maof diesel PME/ uslng data from a recently completed long-
term inhalation study of rats exposed to dlesel exhaustlﬂ/. The
factor of two difference In the estimates indicates reasonable

agreement, espectally in light of the differences in the methods

used Iin thelr calculatlion.

Uslng the above dose-response methods and estimates of the
amblent concentration of dlesal PM, a risk analysls for exposure
to diesel PM in SCAB was performed for each scenario. A slight

8/

modlflcation of the lead surrogate mode!l of Ffrijonls with a

1980 base year was used to estimate 24 hour annual average dlesel
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PM concentratlions. Diesel PM emisslions, a 1980 lead emisslon
rate of 8.32 tons/day for SCABll/, and 1980 amblent lead
concentratlion data from 19 sites In SCABla/were used to estimate
amblent concentratlons of diesel PM for each site, The estimated
concentratlions were then population welghted using 1980 census
data. A SCAB population of 10,246,000 people from 1895-2065 was
assumed. The population-welghted annual average concentrations
are glven In Table 40 for all three scenarios along with the
annual averages. These concentrations are In reasonable
agreement with others recently publlshedlﬁ/. The poputation-
weighted 70 year annual average dlesel! PM concentrations and unit
risk vatues discussed above were used to estimate the increase in
the number of lung cancers. The results are glven In Table 41.
These Increases are due solely to exposure to the estimated
concentratlions of diesel PM over a seventy year ||fetime. The
risk analysls Indicates that between 300-650 lung cancers will
occur In the SCAB from exposure to diesel PM for no fuel
requirements. The analysis shows a reduction in ilfetime cancer
risk of 30 to 110 for emisslons reductions from the proposed fuel

requirements.
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Table 40

Populat lon-Welghted Annual Average
Concentrations of Dlesel Exhaust PM In SCAB

Year
1995
2000
2005
2010 to 2065

70 Year Average

Ambient Diesel PM (ug/ma)

Basel ine 10% Reduction 17%
2.83 . 2.55
2.43 2.19
2.34 2.1
2.42 2.18
2.44 2.20

Reductlion

2.35

2.02

1.94

2.01

2.03

Source: ARB/RD/SSD
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Table 41

Estimated Increase In the Number of Lung Cancers In SCAB Due to Diese! PM

uUnit Risk Increased Number of Lung Cancers

Based on 70 Year Exposure
increased LIfetime RlIsk

ug/m3
Scenarlo
a 1 2 3
2.6x1072 650 586 541
1.2x10 300 270 250

a Best Estimate
b 95% Upper confidence Limlt

Source: ARB/RD/SSD
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D. ECONQMIC IMPACTS
1. Pass-Through Costs

We believe that the affected refiners will be able to pass
the cost of control to their diesel customers through hligher
prices, The price increase depends on the cost Increase passed
on to the customers by the market lieaders, usually the large
refiners. Based on our analysls, the price increase would be
about 11 cents per gallon. Thls price Increase pertalns to the
large reflnery scenarlo which requlires fuel compositlion of 0.05
percent sulfur and 10 percent aromatlc hydrocarbon.

Most users of diesel Tfuel are engaged In actlvitlies which
are Intermedliate steps towards final consumer products or publtlc
transit. For example, transportatlion of processed foods I|s an
intermedlate step for providing foods in grocery stores. The
portion of the diesel cost In the final price of the products Is
smail enough to make the effects of the control cost on the the

flnal price neglligible.

Wa concliude that the refiners could pass the cost of the
control to thelr customers through a price Increase of 11 cents
per gallon wlthout slignificant Impacts. (See Table 42 for more

details of the cost increase significance.)

The 1982 Census of Transportation for Callfornla

reported 155,900 diesel vehlcle englnes In the state. Of this
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number, 33,300 unlits were plickup, panel, or utility trucks and
station wagons, referred to as trucks. The Census al!so reported
the number of trucks engaged In transportation for several

sectors of the Callfornia economy. Table 42 summarizes the data.

Diesel trucks travelled an average of 42,800 mlles in 1982.
We mulitliplied this average by the number of trucks In each of the
sectors to estimate the tota! truck miles travelled In 1982.
Then we dlivided thls product by 5 miles per gallion (estimated
dlesel engine fuel economy) to derive the dliesel consumptlion by
sector. The average Increase In dlesel price due to control
costs Is 11 cents per gallon. We calculated the cost of control
to each of the sectors by multipliying the sector’'s diesel
consumptlion by the increase In price of dlesal caused by the

control costs.

The last column of Table 42 shows the Increased cost of
motor vehicle diese! fuel for sach sector of the economy,
expressed as a percentage of sales, or recelpts for that sector.
Thus, as an example, the increased cost of cleaner diesel fuel
for agriculture constitutes 0.11 percent of the gross cash
receipts from agriculture. In all sectors that were examined,
the cost of cleaner diesel fuel amounts to less than 0.50 percent

of the gross recelpts or sales for that sector.
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Table 42

Effect on the Economy of Dlesel Fuel Improvement In California

No. of Estimated Cost Increase
Sector Trucks a Mlle b Increase b As a Percent b

{x1000) (x1000) (x$1000) of Sales
Agrlculture 17.3 740,440 16,300 0.11 ¢
Forestry and Lumber 1.4 59,920 1,300 0.05
Construction 18.3 783,240 17,300 0.33 d
Manufacturing 8.3 355,240 7,800 0.02 o
Wholesale Trade 16.9 723,320 15,900 0.007
Retai! Trade 8.7 372,260 8,200 0.007
For Hire 47 .1 2,015,880 44,400 Note f
Utillitles 1.7 72,760 1,600 N.A.
Daily Rentals 3.6 154,080 3,400 N.A.
Others 32.6 1,395,280 30,700 N.A.
NOTES:

a. Source: 1982 Survey Transportation, California, U.S. Bureau of Census
and Calliforina Statistical Abstract, Callfornia Dertment of Finance.

. See text for discusslion of assumption.

. The cash receipts from farm marketing was used in place sales

. The total vatuation of new housing was used.

. The toal value added by the manufacturers was used.

. Sales data was not avallable. As an alternatlive measure, the cost
increase will be $12 per registered commercial vehlcle per year.

-0 0060

N.A. means approprlate data for comparison was not avallable.

Source: ARB/RD/SSD
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Additional Informat;on cn motor vehlicle fuel usage and
cost Impacts may be derived from the Transportation Census. The
Census shows that the total number of trucks in use, excludlng
plckups, panels, uttlity truck, and station wagons, exceeds the
reported number of dlesel englines. Thls Is because the data
Includes gasollne engines. Table 43 lists the product categories
which we belleve have a2 higher concentration of diesel| engine
trucks. We aliso present average cost of control per truck used

In sach category.

Table 43 shows that in most of the business activities the
cost of the control per truck Is about two dollars per day or
lass. This cost Increase should not affect the business

activities significantliy.
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Table 43

Trucks, Truck Miles, Average Truck Miles, and
Control Cost Increase Estlimates for Truckers by Product Category
(Trucks and miles for 1982)

Truck Ave. Miles Dlesel Ave. Cost Cost Increase
Mlles Per Truck Use Increase Per Category
(mitlions) (x1000) (gal/yr) ($/truck) (x$1000)

Products Carrled A B C D E
Farm products 936.0 23.0 4600 507 20,620
Live animais 86.5 11.7 2338 258 1,910
Mining products 21.9 31.3 6257 689 480
Forest products 96.7 34.5 6907 761 2,130
Lumber & Wood Products 190.3 19.2 3844 424 4,190
Processed Foods 1460.4 27.6 5520 607 32,180
Textile mill| products 103.1 20.2 4043 445 2,270
Paper products 168.3 28.1 5610 618 3,710
Chemlcals 349.6 30.7 6133 676 7.700
Petroleum 272.6 30.0 5991 660 6,010
Plastlics & rubber 125.1 27.2 5439 599 2,760
Primary metal products 266.9 30.0 5998 661 5,880
Fabricated metal prod. 228.6 17.3 3464 382 5,040
Machlnery 243 .1 17.2 3448 380 5,360
Transportation equipment 223.3 16.8 3358 370 4,920
Scrap, or garbage 211.5 11.9 2376 262 4,660
Mlxed cargoes 1309.2 43.6 8728 961 28,840
Other 104.7 16.1 3222 355 2,310
NOTES:

1. The data for columns A and B are from the 1982 Callfornia Census of
Transportation, U. S Bureau of Census. The data excludes pickups, panel and
utitlty trucks, and statlion wagons which were also surveyed.

2. Column C is calculated as column B divided by 5 which assumes the trucks get
5 miles per gallon (MPG) of diesel. Some trucks are more efficlent and get
more than 5 MPG. Thus, the estimates of fuel use may be high.

3. Control cost increase per truck, In column D, Is the multipiication product
of column C and control cost of 11 cents per gallon.

4, Column E Is the result of dividing column A by 5 MPG and multiplylng by
11 cents/gallen cost of control, while adjusting for proper unlts of
measurement .

Source: ARB/RD/SSD
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3. Impacts on Trans|t Districts

Transit districts In California recelve funds from
the state and the federal governments |n addition to collectlon
from passenger fares. The State’'s Mills-Alqulst-Deddeh Act
provides "funding equal to one quarter of one percent of a
county ‘s retall sales tax revenues" to local public
transportatlion planning agencles. In 1986-1987 fiscal vyear,
these agencles received about $572 milllon from the state and
$1,714 milllon from the federal government for transit (84
percent) and non-transit (16 percent, malnly for streets,

pedestrlan, and bikepaths) uses. The local agencies collected

$2,286 million In revenues from all sources (Including fares),
and spent $1,897 mlillon on operations and malntenance for the
flscai yesar. The remainder of the revenues weres spent on capltal
outlays.

To lllustrate the Impacts of the propossed regulation, we

present data on operation (number of vehicles, mlles, and diesel
use), and expenses for seven Callfornia local transit districts
In Table 44, These seven districts represent relatively small

(Fresno}), and iarge (So. Callfornia} transit districts.

The operation data Is for flscal year 1981-82. The
expense data are for 1986-87. The Callifornla Department of
Transportatlion reports lncreases In ridership of 10.8 percent in

1983, 7.6 percent for 1984, decreases of 0.6 and 5.3 percent for
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1985 and 1986. The net change from 1982 to 1986 is an increase
of 9.5 percent. We assumed that this inc¢rease In rldership was
absorbed by the same number of operating vehlcles and miles
travelled as In 1981-82. That Is, the In¢rease in rildership did
not increase the 1986-87 dlesel usage sligniflcantly from 1981-82.
Thus, we can compare approximately the operation data In

Table 44 with the expense data.

The control cost borne by the transit districts was
calculated by multiplylng the dlesel fuel usage with the price
increase of 11 cents per gallion, assoclated with clieaner diesel
fuel. Then we caliculate this fuel cost increase as a percentage

of the total expenses the transit districts had In 1986~87.

Table 44, column E, shows that the dlesel price Increase
would have about half of one percent Impact on the total! expenses
incurred by the districts. In the 1986-87 fliscal year, public
transit passengers palid, on the average, about 23 percent of the
total coperating revenues. If the diesel fuel cost increases are
passed proportionately to the passengers, the fares would
increase, on the average, by a negliigibie range of 0.15 (Golden
Gate) to 0.22 (Fresno)} percent. This increass Is about two-

tenths of a penny on a typlcal $1 fare.
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Table 44

Percent
Increase in
No. of Total Diesel Total Totai
Revenue Miles Use Expens. Expenses
Vehlcles (1000) (1000) ($1000) (%)
A B8 c D E
AC Translt, Alameda
& Contra Costa 835 31,899 7,634 114,162 0.7
Fresno County
Translit System 103 3,391 1,205 14,637 0.9
So. California
Rapld Transit 2,960 104,506 29,366 534,523 0.6
Orange County 497 14,615 5,604 89,636 0.7
Sacramento Rapld
Transit 238 8,545 2,007 33,680 0.7
san Dlego
Transit Corp. 341 10,424 2,803 41,555 0.7
Goliden Gate
Transtt District 279 9,249 1,748 41,120 0.5

NOTE :
1. The data for columns A, B, and ¢ are for 1982 and from Natlonal Urban
Mass Transit Statistics, U.S. Dept. of Transportation.

2. The data for ¢olumns D are for flscal year 1986-87 and are from Annual
Report, Flnancial Transactlons Concerning Transit Operators and Non-
Transit Clalmants, Callfornla State Controller’'s Office.

ARB/RD/SSD
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E. OTHER IMPACTS
4. Visibllity Beneflts
People value good vislbllility and studies have
shown that psople are willlng to pay for visiblity improvements.
In urban areas, the wiillingness to pay for better visIibility
manifests itself In Increased property values. Both property
value studies and surveys of householders’ preferences have been
conducted In recent years that estimated the value of visibility
_Improvement to reslidents of the South Coast and San Franclsco Bay
Area ailr basins. Estimates of householders’ wllilingness to pay
for an improvement of one mile In visual range varied from 8 to
69 dollars per household in the SOCAB. In the SFBAAB, estlimates
ranged from $18 to $45 for a one mile improvement In visible
range (Rowe, et al., 1986; Brookshlre, et al., 1979; Loehman, et

al., 1981; Trijonls, et al., 1985).

Preliminary estimates of the annual dollar benefits of
vislbillty improvements resulting from the proposed diesel fuel
rule, range from $5-47 mliiilon to householiders In the SoCAB,

assuming visual range Is Iincreased by 1.6 percent In the BaslIn.

Preliminary estimates of SFBAAB househcolder benefits
range from $3-7 milllon per year, assuming that the annuatl
average value of visual range in the Bay Area Improves by 0.5

percent due to the diesel fuel rule,
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The value of good vislbllty to recreators has aiso been
studied. Recreators often drive considerabie distances to good
visibllity areas to enjoy hiking and viewlng scenery in clear alr
conditions. Studlies conducted of visitors |In parks and
recreatlon areas of the Southwestern U.S. found that park
visitors would be wlfllng to pay an addltlonal park entrance fee
to avoid reduced visibllity. Estimates ranged from $0.03 to

$0.015 per visltor party per day to avoid a one miie reducticn In

visual range. (Rowe, et al., 1986; Randall, et al., 1974:
Brookshlre, et al., 1976; Rowe, et al., 1980; and Schulzs et,
al., 1981). Applyling these benefit estimates to the numbers of

National Park and Forest visitors In Callfornia, gives the
preliminary estimate of $300 to $900 thousand per year for a 0.5

percent visibility Improvement In the parks.

Finally, good visibility is of slgniflcant value to
commerclai and governmental entities, although It is difflcult
to place a dollar value on such beneflts. Sectors which rely on
and value good visibllity Include: tourism (the perception of
clean, healthy air may be extremely Important to buslinesses whlch
serve visitors), private and commercial asronautlical operations
and defense aeronautical testing, tneluding photographic and
visual testing of weapons systems.

5. Benrefits from Reduced Sojllng
Dlesel vehicles emit an olly carbon soot which,

over a period of hours to days, settles out of the atmosphere
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solllng walls, windows, fabrlcs and numerous other objects.
Because of Its olly component, diese! soot has a tendency to
smear and |s more difflcult to remove than dry particles. Diesel
solling results In an Increased requlirement for: washing both the
interiors and exteriors of buildings, laundering and cieaning of
materials, painting of buildings, and washing of motor vehicles.
The average householder’'s maintenance and cleaning costs
resufting from diesel solliing have been estimated to range from
$5.50 to $65 per year for an change of cne microgram per cubic
meter In the annual average dliese! particulate concentration
(Sawyer and Pltz ,1982). Addltlonal costs are associated with
the solting of publitc, commercial, and findustrial buildings and

their contents.

-152-



X1V. SIGNIFICANT COMMENTS AND RESPONSES

At the workshops held to dliscuss the basls of the staff’s
proposals, we received a number of verbal comments related to the
feasibility, cost, and effectiveness of implementing requlirements
for the su!fur content and aromatlc hydrocarbon content of motor
vehicle dliesel fuel. Those comments, together with our
responses, are presented below.

Lomment: There Is no commercially avallable technoleogy to
accompllish reductions of dlese! fuel aromatic hydrocarbon content
to 10 percent.

Besponse: in Its llIlnear programming analysis, Arthur D.
Little (ADL) used two baslc processes to reduce the aromatic
hydrocarbon content of diesel fuel to 10 percent. Those
processes are the Moblil| oleflins~to~gasoline and distillate
process, which uses methanol as a feedstock, and several
hydroprocessing optlons which use hydrogen and a catalyst to
reduce the aromatic hydrocarbon content. Nelther the Mobl|
process nor the hydrodearomatlizatlion, a type of hydroprocessing
that would be used to reduce the aromatic hydrocarbon content of
dlesel fuel to 10 percent, is currently In use to produce low-
aromatlc hydrocarbon content dlesel fuel.

At the June 27, 1988, consultation meeting to discuss the
preliminary results of the ADL study, a refinery representative
requested that we re-evaluate the osts of reducling the aromatic
hydrocarbon content usling "more conventlional technology," l.e.,

hydroprocessing. We have done so, basing our analysis on the
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proprletary UQOP process, "A-H Unlbon." That process, generlcally
a hydrodearomatization process, has commerclal operations in
place to reducs the aromatic hydrocarbon content of jet fuel.

The feed for this process Is kerosene which is a distlllate ol
with a lower boliling range than No. 2 dlese! fuel.

We believe that the hydrodearomatization process can be
readlly applied to dlese! fuel. In our 1984 reflner survey, we
asked reflners for thelr cost estimates to reduce the sulfur
content and aromatic hydrocarbon content of dlesel fuel to
varlous levels, Including 10 percent aromatic hydrocarbon
content. We received 11 responses from refinars. Several
refiners provided detalled cost estimates for reducing dlesel
fuel aromatlic hydrocarbon content to 10 percent by using
hydroprocessing technology. No reflner respondsed that It was
technically infeasible to reduce to 10 percent the aromatic
hydrocarbon content of diesei fuel.

The summary of our 1984 survey results |s contalned In
Table 17, Chapter X. The average reported cost Increase to
produce motor vehicle diese! fue! wlith 0.05 percent sulfur and
10 percent aromatic hydrocarbon content was 15.2 cents per galion
for large refiners and 11.2 cents per gallon for small refiners.
Investigators from Chevron Research, In an SAE paper titled
"Cost-Effectiveness of Dlesel Fuel ModIficatlons for Particulate
Control", reported that the survey results matched well wlth
Chevron's iInterna! estimates of the costs to reduce diesel fuel

aromatic hydrocarbon content to 10 percent.i/
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Comment: Among the dliesel fuel propertlies that affect
particulate matter emlisslions, sulfur has the greatest Impact.
Addlitlonal particulate matter emissions reductions that can be
obtalned from reducing the aromatic hydrocarbon content of motor
vehicle diesel fuel are less than can be obtalned from reducing
the sulfur content. The cost-effectliveness of the addlitional
processing to reduce the aromatic hydrocarbon content, over and
above the cost to reduce the sulfur content, should be examined.

Response: Our analysls of cost-effectiveness for the
South Coast Alr Basin (SCAB) is an “Incremental" cost analysis of
reducling the aromatic hydrocarbon content of motor vehlicle disesel
fuel. Because the diesel fuel In the SCAB already has reduced
sulfur, the predictive equations attribute all of emission
reductions to fuel aromatic hydrocarbon reduction only.

Comment: The staff's cost estimates are fow. The ADL
study underestimates costs. There should be an anaiysis of the
effect doubling the caplital cost and adding additional hydrogen
productlon capaclty,

Response: We have Incorporated such an analysls Iin thils
report.

Comment: The staff, In evaluating the CRC data, did not
include su!lfur as a varlabtie in developing a predictive equaz’ -
for particulate matter emissions from the CL.~ -3 enginrz.

4
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€. perca2nt, rather than 95 percent as used In the staff analysis,
wou d chow the Importance of fue! sulfur content.

Besnponse: In our original statistlical analysis of the CRC
data, we used a signiflicance c¢riterion of 95 percent. This was
an a prlori criterlon, and If a variable did not meet that test,
we did not inciude it. However, we recognlize that from an
englnesring standpolint, sulfur Is an impertant variable In
producling particuiate matter emissions. We have modifled our
analyslis to Include suifur variables for both of the CRC test
engines. Other variabies were not consldered Important based on
the theorles of particulate matter formation,

Lomment: The estimated volume of dlesel fuel that would
be subject to the proposed requirements Is too low. The
underestimate is malinly from an underestimate of on-hlighway
dliesel fuel consumption.

Response: We obtained our estimates of on-highway dlesel
fuel consumption from taxable diesel fuel sales as supplled by
the Board of Equallzation.

Comment: The cost to consumers will be the cost to the
marginal producer of dlese! fuel. The marginal producer is the
highest cost producer of diesel fuel.

Besponse: The staff be!leves that the cost to the
consumer wll! be set by many market forces. Refiners pass on
their costs through all of thelr products. For example, it may
be easler for an oil company to increase, by a smaller per gallon

amount, the price of gasoline, which Is a much greater volume
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product, than to pass through the entlre cost of dlesel fusl
production to dlesel fuel consumers. This appears to have
happened In the case of other regulations adopted by the Board.

Comment: The staff has underestimated capltal costs In
two ways. First, there should be increased costs of 30 percent
because of escalation in construction costs. Second, the capital
cost should be increased by 63 percent to account for the fact
that new technology would be required.

Besponse: The comment on escalation In constructlion
costs Is based on a forecast that there will be heavy
construction demand tn the early 1990's because of possible EPA
actlon on the sulfur content of dlesel fuel. Regarding the cost
of new technology, the hydrodearomatization process that we
expect would be used to meet the low aromatic hydrocarbon content
limlt 18 not truly "new technoloegy", but a new appllication of
exlsting technology. We prepared cost estimates of using
hydroearomatizatlion as a technology to reduce aromatics content
based on a request from a reflnery representative to use “more
conventicnal" technology, that Is, hydroprocessing. Nonetheless,
we have performed a sensltvity analysis, shown In Chapter X1, of
the cost and cost-effect|veness impacts of doubling the caplital
cost. The construction cost escalation and new technotogy cost
increases ile within the scope of that sensitivity anailysis.

Comment: The staff’'s analysis of the CRC data should
Include the effect of the time the data were taken to account for

drift In emissions from the engines over time,
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Besponse: We have evaluated the effects of time iIn
changes in emission rates from the CRC engines. That evaluation
Indicates that the analyses contalned in thls report adequately
refiect the emissions response of the engines to changes in fuel
quality.

commenf: The staff's analyslis should be a “global™
analysis, that Is, It should Incliude the fue! effects on both
ehglines In one statistical matrix.

Besponse: Fuel effeacts on emisslons are known to be
englne~specific. We belleve that our approach Is approprlate In
analyzing emissions, especially when one conslders that future
englines, which we have represented with the DDAD engine, will be
different than current engines. Our emisslon reduction estimates
are based on separate evaluations of current and future englnes
and the effects of fuel quallity on those englnes. We have made
our emissions reductlon estimates "global" by estimating the mix
of those vehicies In the future vehiclie flest.

Comment: Severely hydroprocesssd dlesel fuel, such as
would be produced In response to the low-aromatic hydrocarbon
content requirement, has poor lubriclity performance when compared
to current diesel fuels. This could have severs negative impacts
for the fuel handling systems of diesel vehiclas.

Besponse: We question the appllcablility of the method the
commentor used to quantify the tubricity of diesel fuels as |t
relates to effects on diesel vehicle fuel pumps. The severly

hydroprocessed fuel was "doped" with a sulfur-bearing compound
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before testing. We do not beileve that such a fuel truly
represents fuel that would be scld In Californla to meet the
proposed requirements, and the effect of the added sulfur
compound on lubricity is unknown. In any case, we belleve that
addltlives to the fuel can be used to overcome any lubriclty
problems.

Lomment: The ARB staff has underestimated costs by not
increasing the per unit cost of hydrodearomatization capacity to
reduce the aromatic hydrocarbon content to 7 percent.

Besponse: We recognlze that there will be some Increase
In the per unit cost to reduce the aromatic hydrocarbon content
to 7 percent, compared to 10 percent. However, the reduction to
7 percent was performed ﬁnly on a partion of the diesel fuel
product, and we belleve that we have been conservative In other

estimates of HDA processing, as outlline In Appendix E.
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